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1. What it is all about
Our goal is to understand the globular clusters surrounding the brightest galaxies
in the Fornax galaxy cluster, and relate their properties to the formation history
of the galaxies and the galaxy cluster. In general, we need to understand the
presence of globular cluster sub–populations around the brightest galaxies (and
their apparent absence around the less luminous ellipticals, Kissler-Patig 1997).
In particular, the extreme over–abundance of globular clusters around the central
cD galaxy is still unexplained.
Fornax is a relatively poor galaxy cluster at a distance of ≃ 19 Mpc (as-
sumed throughout the following). The properties of the brightest early–type
galaxies (taken from the RC3, Kissler-Patig et al. 1997a,b, and Forbes et al. 1997)
are summarized below, including the number of globular clusters (NGC), and the
specific frequency (SN ). NGC 1399, a giant cD galaxy, sits in the center of the
cluster gravitational potential, while NGC 1404 and NGC 1380 are at projected
distances of 50 kpc and 200 kpc to the SE and NW respectively.
Name MVT [mag] B−V [mag] Velopt [km s
−1] NGC SN
NGC 1399 −21.8 0.96 1447 ≃ 6000 ≃ 11
NGC 1380 −21.5 0.94 1841 ≃ 600 ≃ 2
NGC 1404 −21.4 0.97 1929 ≃ 750 ≃ 2
2. The globular cluster systems of NGC 1399, NGC 1380, and NGC
1404
• Qualitatively, NGC 1399, NGC 1380 and NGC 1404 have very similar globular
cluster populations (Kissler-Patig et al. 1997a,b, Forbes et al. 1997). All have
bi–modal globular cluster color distributions and have about the same number
of red and blue globular clusters. The properties of these sub–populations were
investigated spectroscopically in NGC 1399 (Kissler-Patig et al. 1998a), with
extremely deep 3–color photometry in NGC 1380 (Kissler-Patig et al. 1997b)
and with 2–color HST photometry in NGC 1404 (Forbes et al. 1997). The blue
globular clusters show very similar properties to the Milky Way halo globu-
lar clusters (similar age and metallicity, spherically distributed and extended),
and could constitute a halo. On the other hand, the red globular clusters are
more metal rich (comparable to, maybe slightly richer than, the Milky Way
disk/bulge globular clusters). There is some evidence that the latter could be
a few gigayears younger than the former, but both sub–populations are old,
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and did not form in a late (z < 1) merger. This is not really surprising since
hierachical clustering models predict (e.g. Kauffmann 1996) and stellar popula-
tions indicate (e.g. Bender 1997), that these galaxies formed at higher redshifts.
However, both NGC 1399 and probably NGC 1380 have a small number of very
red globular clusters, that could be the product of a more recent interaction.
Unfortunatly, both stellar population synthesis models and observations are not
yet accurate enough to pin down their ages with any certainty.
• Quantitatively, the globular clusters in NGC 1399, NGC 1380 and NGC
1404 differ dramatically. NGC 1399 is only 0.3 magnitudes brighter than NGC
1380, and only 0.4 mag brighter than NGC 1404. However, NGC 1399 hosts
≃ 6000 globular clusters (Kissler-Patig et al. 1997a, Forbes et al. 1997), while
NGC 1380 hosts only ≃ 600 (Kissler-Patig et al. 1997b) and NGC 1404 ≃ 750
(Forbes et al. 1997, Richtler et al. 1992). In terms of specific frequency, NGC
1399 has a SN ≃ 11, while both NGC 1380 and NGC 1404 have SN ≃ 2.
The typical value (with little scatter) for the low-luminosity early–type galaxies
(NGC 1374, NGC 1379, NGC 1387, NGC 1427) is SN ≃ 3 (Kissler-Patig et
al. 1997a). The globular clusters around NGC 1399 are not different from the
ones around NGC 1380 and NGC 1404, but are more numerous by about a factor
of 10.
3. Kinematics in NGC 1399 and Fornax
A sample of 76 radial velocities for globular clusters around NGC 1399 was com-
piled from (Grillmair et al. 1994, Minniti et al. 1998, Kissler-Patig et al. 1998a).
We found no significant correlation of velocity or velocity dispersion of the glob-
ular clusters with position, position angle, color, or radius, either in the whole
sample or in any sub–sample. In particular, we could not find any rotation, nor
are the “high velocity” clusters clearly associated with either NGC 1380 or NGC
1404 (see Kissler-Patig et al. 1998b for the detailed analysis).
However, the velocity dispersion of the globular clusters (and any sub–
sample!) is high (400± 40 km s−1). The figure below shows the velocity disper-
sion of several components: triangles show the velocity dispersion of the stars
around NGC 1399 (Franx et al. 1989, Bicknell et al. 1989), stars mark the ve-
locity dispersion of the planetary nebulae (Arnaboldi et al. 1994), squares show
the velocity dispersion of the cluster galaxies (Den Hartog & Katgert 1996, Fer-
guson 1989), and circles show the velocity of the globular clusters (solid) and
various globular cluster sub–samples (open, see Kissler-Patig et al. 1998b for
a detailed description). The globular clusters have a velocity dispersion that
contrasts with that of the stellar component of NGC 1399, and seems rather
similar to that of the cluster galaxies. The globular clusters appear to feel the
cluster potential, rather than the potential of NGC 1399 (as already noticed by
Grillmair et al. 1994).
4. Connecting the pieces of the puzzle
The globular cluster system of NGC 1399 does not differ qualitatively from the
systems of NGC 1380 and NGC 1404, the second and third brightest galaxies in
Fornax, but hosts about 10 times more clusters. The same mechanisms seem to
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be at the origin of the globular clusters around all three galaxies. The only clear
difference between NGC 1399 and the two other galaxies, is its position in the
very center of the galaxy cluster. The over–abundance of globular clusters seem
therefore to be linked to the preferential position. Furthermore, the kinematics
of the globular clusters differ from those of the stellar component, but ressemble
those of the cluster galaxies. A large fraction of the globular clusters seen around
NGC 1399 seem to be associated with the galaxy cluster, rather then with the
galaxy itself.
There are two possible explanation for the presence of the globular clusters
in the center of the galaxy cluster: a) They might have formed in the center of the
galaxy cluster (e.g. Balkeslee 1996), b) they might have been accreted/stripped
from the other cluster galaxies (Muzzio 1987, White 1987). At this point, we
cannot clearly distinguish between the two scenarios. But we note that there is
approximately the same number of blue and red globular clusters around NGC
1399. If the red (disk/bulge like) clusters are associated with the formation
of the stellar component, and thus their number expected to scale with the
galaxy size, then the excess of red clusters around NGC 1399 is too large to be
explained by formation in situ, and stripping/harrassement must have played a
role. Stripping is further supported by the similarity of the globular clusters
around the three galaxies. If stripping was the dominant process, we expect
“tails” of globular clusters towards the other galaxies. These tails should be
detectable in large photometric and spectroscopic studies.
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